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THE IMPACT OF FACTORS ON GROSS REQUIREMENTS.

I. Intredustion

Or 8 January 1960, the Director of Supply in Headquarters Air Materiel
Command (Major General Framk A Begart) requested the establishment of a full
time MCS study group "te review the present Hi-Valu consumptien item requirements
metheds and make recemmendations to me with regard to simplificetion pessi-
bilities.* On tho same date, Genersl Bogert requested the participation ef
Hq AMC Operations Analysis persennel in the work of this study group, on &
consultant basis; the Direetor of Plans and Programs (Brigadier General Demsld L.
Hardy) appreved the OA. participation, and the author of this paper was sssigned
to this projeet.

On 20 Jamuary 1960, et & meeting of the study greup, Mr. Walter H. Nelsen,
Jr., asked me to study the effects of varianeaes in eertain elements exr "factors”®
of the requirements computation. This study was accomplished and was presented
to the members of the study group, and was subsequentliy ineluded in the
5 March 1960 briefings te Gemeral Begart, along with the full findings of the
study greup. TFollowing this, a memorandum from the AF Spares Study Group
requested that my study of factors be published in an oporatioﬁs anpalysis paper.
It was understood that sueh & paper would be useful in connestion with the

edusation and orientation of persomnel in the field of logisties.



II._ The Study
The problem can be stated as followa: Measure the effect on Gross Require-
ments when factors vary from certain specified values or "atandards.” To keep
the problem small encugh to permit early solution, the following assumptions
were to be made:
&. The logistic concept and system are to be as presently prescribed in
regulations and msnuals;
b. The gross requirements formula is given;
cs & specific value will be set as the *standard" for esch factor.
The standard factors were set as shown in Figure I bslew. They are merely
a set of typical factors which an Item Manager might be using in his requirements
computation, and were presc¢ribed in order to permit sample or illustrative
computetions to be made.
FIGURE I
Program (P) = 10,000 flying hours per month 1
Lead Time (LT) = 9 months
Repair Cyele (RC) = 3 monthe
Depot Repair Percent (IRP) = 1003
Stock Level (SL) = l# months, 15 days at depot and 30 days st bases
Issue Reate (IR) ax .20 per 100 flying hours (or 0020 per FH)
Wearout Rate (WO) = .02 per 100 flying hours (or..0002 per FH)
The "Variances" of interest were prescribed as show: in Figure II below.
These varisnces were to be processed, singly and in combiration, to study ths
effects that various changes or errors in the factors would have on gross

requirements.
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l’l‘hrou@out this paper “program® is used t¢ mean monthly program.



FIGURE II

P - 123%, - 25%. - 37¥%
LT ¥ 33 1/3%

RC t 33 1/3%

IRP KNone

SL. Nene

IR 1 20%, t 40%

WO 1 20%, t 40%

The formuls to be used was furnished in verbal form, as seen immediately
delew. To permit manipulatiom of the factors, the auther translated it inte
the symbolic forms shown in equations 1 and 2. |
Gross Requirements =

Program x 12 x wearout rate
plus

Prograx x lead time x wearcut rate
minus

Program x repeir cycle x wearout rate
plus

Program x depot repair percent x repair sycle x issue rate
plus

Program x stock level x issue rate

G = (P) (12) (wo) + (P) (LT) (wo0) - (P) (RC) (WO)
+ (p) (mRP) (RC) (IR) + (P) (SL) (IR) (Bquation 1)

R =z P[WO(la + LT - RC) + IR(DRP x RC + SL)] (Equation 2)



When the standard factors are inserted in Equation 2 the results are as shown

in Figure IIlI.

FIGURE III

2

2@0(12 + LT - RC) + IR(DRP x RC + SL)]

10,000 [10002 (12 + 9 = 3) + 0020 (3 + L.5)]

(24 + 18 - 6) + (60 + 30)

36 + 90 = 126

+ B

(29%) + (71%) = (100%)

As & means of oryatallizing the effects of factor ehanges, the fellowing
definitiorn was then introdueed:
Factor Impoet = The extent to which a ehange in a fastor is transmitted te
Gross Requirements.

1 =% shange in GR (Equation 3)
% change in the Factor

Thia concept of Fastor Impast is essentially equivalent to & sensitivity
apalysis, in which we are inquiring about the extent to which the gross
requirement for an item is sensitive to changes in the values of the factors
used in computing that requirement. Omnee portrayed this way, the sanalysis
leads directly to the following conelusion: the degree of Impact of a factor
is equal to the original fraction of the Gross Requirement to whieh that
faetor contributed. Thus if some factor (e.g., the Issue Rate) had comtributed
te 71% of the original requirement, its Impact during a factor change would
be 71%; if this fector changed ¥y + 30%, the Gross Requirement would change

by (+30%) times (+ 71%), or by 4 21.3%.
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The abeve coneclusion is sufficiently gemeral thet it obviated the nesd
to make the numerous sample salculatiocns enviseged in the originsl statemsnt
of the problem, and in partieular mede it unnesessary te run eomputations
using the variances cited imn Figure II above.

Yor the atamdard feetors cited in Figure I abeve, the appropriste Impast

values are directly discernidle from Figure III. These are recorded belov in

rim‘ Iv.
FIGURE IV
Fastez Inpast
Prograa 100%
Wearout Greup [WO(12 + LT - RC)] 29%
WO alema 29%
LT alexe %
Issus Rate Greup [IR(IRP x RC + SL)| 712
IR alome I 6.1
IRP slone L48%
SL alone 23

Comunon Faster

RG 432

The following examples may help teo interpret the meaning of Figure IV:

as I P goes up 37%, (R goes up 37%;
b If P goes down 24%, GR goes down 24%;
6. If WO goes up 90%, GR goes up 26% (90% times 29%);
de If LT goes downm 30%, GR goes down 4% (30% times 14%).
It is worthy of note that all the factors except P s&ffest the Impast
of one anether, as follows:
8. Those which ars combimed through multiplicatiorn reinforece one

another's Impaet;
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Bs Those which are not cambined through multiplication influense
ons snother's Impact inversely.

As an example of the above, and by reference to Equation 2, the larger the
Issue Rate the greater the Inpect of the Steck Lavel, the smaller the Impaet
of Wearout Rate and Lesd Time.

By locking beck at Figure III, we con see that the Stoek Level had a
fairly strong Impast bacause it was associated with the Issue Rate. The
Issue Rate in turn had a stromg Impast becauss it wes so mueh larger tham
the Wearout Rate. If the item hed had a much higher Wearout Rate, its Issue
Rate and Steck Level would have had sharply reduced Impaets. Any iater-
sstions of this kind in which one hes a special interest can be fairly
easily interpreted from Figure III if one keeps this Basic principle ia
mind: a peresntage shange in a fastor has great importance er nos,
depending om the propertion of the original requirement to whish that
fastor contributed.

The Impaet values diseussed up to now all relate to the partisular
"standard® or sterting values that were assigned by Figure I. By
varying thesec, as is done in Figure V, we can see that the Impasts are
substantially schanged. Fer example, LT is relatively unimportant with
Faster Sets I and II (because it is sssecisted with Wearout Rate, which wes
enly eme~-tensk and one-tweatieth of Issue Rate in those Sets); hewever LT
becomes considerably more importamt im Set III (because there its assceiated
Wearcut Rate is one-fifth of the Issue Rate). Note alse how RC drops
sharply in impersamee in Se$ III, primarily because of the dowa-gradiag
effest of the low Depot Repair Persentage. Figure V suggzests that brosd

generalizations about the importamce of specific factors camnot be made



abatractly, but must be based upon empiriceal examination of the relative fre-

quencies of certain faster relationships in real life, particularly the IR/WO ratioc.

PFIGURE V
FACTOR IMPACT
£ Change
i» GR
3
% Change SETL 1 SET I SET III
in Factor
1.00__ P * P +P
8 «IR
80 {
<IR
60
< WO
OmP ,SL .IR
. «RC
ho 1 DRP
*RC LT
WO SL
+»3L
020__ Owo .mP
oLT
ALTERNATIVE FACTOR VALUES
SEL I SET 11 SET 111
P Any value Any valus ARy value
LT 9 mos 6 mos 12 mos
RC 3 mos 2 mos 5 mos:
SL. 1 mos 2 mos 2 mos
IR «0020/1H «0020/7H «0010/MH
w0 «0002/P4 .0001/PH .0002/M
IRP  100% 5% 30%



If the esare and the e¢cst which are Jjustifiable in factor development are
properly relatable to the Impast of the respeetive faetors, and since the
Impact of a particular factor cam vary considerably, it would appear that
many deta processing deeisions need to be made on a case-by-case spproach.
For example, if members of a Hi-Valu Review Board &re having some diffieulsy
in determining the correst value of some fastor, for a particular line item,
they should compromise expeditiously if the Impaet is low, but go to com-

siderable lengths to get the best value of the factor if its Impaet is high.

Effest er Pros e

Up %0 this point, we have discussed factor Impacts from & pre-prosurement
perspective. For eonsideration of factor relationships after proeurement
astions, we need merely take Figure III and replase Groses Requirements (GR)
®y Stocks on Hand, then view the latter as a fixed quantity. It thex
becomes possible to study how an increase or decrease in one factor leads
to foreed desreases or inereases respestively in some others. A few examples
follow.

Let us essume that wearouts, after the buy, run at 0004 per flying hour
in lieu of the anticipated .0002., After six months, 12 units more then
expested will have worm out (10,000 x 6 x 0004 vas. 10,000 x 6 x .0002);
since the depot stock ob jective is one-third of the total stock level
(nemely, one-third of the 30 umits in Figure III), this variance in wearout
sould eliminate our depot stosk levels

Teake a differemt possibility, nemely, repair cysle running at 4} months

instead of the planned 3 months, due to slow contrast repair and/or misrouted



shipments. Instead of tying up the 60 units shown in Figure III, this slewer
repair will tie up 90 units and eause all serviceable stock levels te disappear.

Ag a third exampls, somsider an issue rate which has insreased a meres 15%
from the speeified .0020 per FH to .0023. A 3-month repair cysle will thea
hold 69 unitas instead of the 60 shown in FPigure III, so the 30 units origimally
planned for base and depot serviseable stoeck levels will have to yield 9 umits
$o0 the repair eyele. Then if the bases raise their stesk level from 20 to 23
they will be slightly short (21 instead of 23) and the depot will be out of
stoek.

Now congzider a finsl example, where the worldwide issue rate remains a%
an average of .0020 per FH, wut half the bases temporarily experience a rise
in the rate to 0035 ard the other half axperiemse only .0005 issues per FH.

On the assumption thaet bases are provably quisker in reacting to inereases in
demand tham they are in reaeting to deereases, half the bases will raise their
atesk levels from a total of 10 to 18, the other half will not lower their
stoek levels, and depot stoeks will almost disappear. This example is eone
sidered to be particularly enlightening where Hi-Valu items are concerned,
sinee AMC depends heavily on user command requests in setting the Hi-Valu
base stock levels -~ the audit or eomtrol of such requests is almest impossible
besause pre-iasue methodology leaves AMC without adequate knowledge of
logistie experiensas at base level.

The last example also illustrates fairly realistically how random
variations in demand could sause AMC to reast by deeiding that more proeurement
is needed - when in truth we may be experiencing maladjustments of stoek
distrimution which should be corrested by stromger control of base stock levels

and by short term expediting (e.g., projeet HOT SHOT).



Breadening the Problem
The problems discusesed abeve could be broadened further through consid-

eratien of the following:

& War readiness materiel requiroments and requirements for specisl
pro jests lessen the Impast of all the faetors dimecussed abeve.

do The inherent variability or "random” wehavier of any factor lesseas
our ability to measurse it ascurately - even if we had a econstant enviromment
with failure rates, programs, ete., all holding firme. In the diseusaioa
above we tacitly assumed that all the factors were accurately measured.
When wo esonsider how sensitive the system is to facter Impasts "after
the buy,® it is sasy to see that difficulty in meeasuring the factors saa
lead te peor decisiens abesus the corrective msasures nesded.

¢. Changes in the enviromment (pregram changes, ECPs, new policies,
revised ebjectives, ote.) soverely reduce our measurement espabilities.

d. Eyrers in the data system sempsund the problem,

e+ The fastcr Impast en Gross Requirements is small ecmparsd to the
Impact on Net Requirements.

Paragraph a above is rather self evident. Parsgraphs » through e are
briefly illustrated in Figure VI belew, wherein the "errers® are the rssult
of & miscaleulation of some factor. It ie seen that these errors have mueh
greater Impast on the net requirement then on the gross requiremens, with
a relationship as follows:

Iye (IG) Trus_Gress Requirement
True Net Requirement

10



150%] o COMPUTED GR

1003+ . TRUE GR

50%

FIGURE VI
200% 4
150% +
100% |
50% 1

o COMPUTED MR

« TRUE MR

TRUE GROSS - 300 UNITS
COMPUTED GROSS - 450 UNITS

BB + 50%

TRUE NET - 150 UNITS
COMPUTED NET - 300 UNITS

JRROR + 100%

The errors shown in Figure VI ¢an readily be scmpounded further if there

i erroneous SB&CR infermation on assets available in the system. Thus, if

wo thought we had only 100 sssetas when we really had 150, we would have &

somputed Net Requirement ef 350, an error of 4 133%.

"Toe Much Aeccuracy®

Since this report is related to a project on data simplification, it is

woll to poimt out that too little sesuraey in date is not our only data

problem; there is also & possibility of striving for "teo mueh ascuraey.” In

our data reporting and data proeessing systems there are undoubtedly situations

where "accuracy” to many decimal places is carefully {and expensively) preserved

for eertain data elemsnts beyond the level that is reasonable when we sonsider

tho overall aceuracy of the system.

11
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requirementa salculatiens are beset by 2o many uncertainties that aseuraey
witkin 1€ is an extremsly smbitious goal. Consequently, where inersases
in data aecuracy require insreases in expense, only raraly would aseurasy
boyord the first two eor three signifieant places be justified. Fer
exsmple, this means thet a legistie facter or rate measured as .023500 ;a
te be preferred to that element meamsured as .023478 if it is mere esestly
%0 preeess the iatter way.

This does not mean that free infermation sheuld be deliberately threwa
avay - for example, it dees mot mear that data obtained by an inventery
process should be esutcomatically rounded to two signifieart figures. It dees
Be&N, hovwever, that expensive procedures should be avoided if thsy de net

hlp;ovo the assuracy of the firat two significent figures ef eur final resul$s.

Inpasta on Fiexibility
Lest this paper be imterpreted as a complete method of evaluating the

relative importanes of the fastors dissussed, it is well to note thet our
faetors influense other things besides gross requirements. They heve
important effeets insofar as flexibility and responsiveness are comeceraed.
Thus, if proesurement lead times are low for an item on which shortages are
developing, we have more opporturnity to find other answars to our problems
rather than a new buy: perheps aa engineering improvement; perhaps a lomger
wait to see whether recent inereases in demand were basic or mere random
fluetuations; perhaps ar opportumity to work with using eommsnds on faster
shipment of reparables to depots, ard so forthe

Ag amother illustration, let us teke an adverse effect, for exampls,

one in whieh stoeck level is eut so low that we have high probabilities of

12



stoskouss. The low stoek level mey have small ikpact on gross requirements

but very large impast indeed on the overall effisienay end readimess of the
sombat mission. Full evaluation of faetor importamee obviously requires

& study eonsiderably more extemsive than this one.
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